Abstract In many countries obesity has increased dramatically during the last decades, while there has been a parallel decrease in smoking. The objective of the present study was to estimate the net effect on premature mortality of these trends. A simulation model was developed to estimate the expected number of deaths between ages 19-56 years for cohorts of young men (n = 50,000), depending on inputs of obesity and smoking prevalence. The model was populated with nationwide data of Swedish men performing mandatory military conscription tests between 1969 and 2005. Risk equations for all cause mortality with smoking and obesity status as predictors were developed based on the 1969-1970 conscription cohort (n = 45,920; 2,897 deaths, median follow-up 38 years). It was found that between 1969 and 2005, the prevalence of smoking decreased from 58.6 to 23.2%, while overweight increased from 5.7 to 15.6% and obesity from 0.8 to 5.5%. As a result of these trends, a 14% (CI 95% 6,
Introduction
Obesity has increased dramatically in recent decades and is today highly prevalent, with an estimated worldwide prevalence in 2005 of 20.3% in economically developed countries [1] . In Swedish adolescents, overweight has tripled, obesity quintupled and morbid obesity increased tenfold from the period 1969-1974 compared to 2000-2005 [2] . With the strong association between obesity status and subsequent cardiovascular disease [3] , disability pension [4, 5] and premature death [6] [7] [8] , it will likely be several decades until the full burden of recent obesity trends on healthcare and society is manifested.
In contrast to the trends of increasing obesity, the prevalence of smoking, a factor also strongly associated with cardiovascular disease, disability pension [9] and premature death [10] , has decreased substantially during the last decades in several industrialized countries [11] [12] [13] . Smoking and obesity in adolescents, arguably the two most important modifiable risk factors in this age group, independently increase premature mortality risk, but the combined effects of these simultaneous opposite trends on life expectancy is unknown.
The aim of this study was to estimate the net effect on future premature deaths due to trends in obesity and smoking in adolescent Swedish men.
Materials and methods
A Markov model [14] with Monte Carlo simulation was developed to simulate the effects on expected number of premature deaths between age 19 and 56 years based on inputs of obesity and smoking status from a nationwide cohort study of Swedish men. The time horizon of the model was chosen in order to avoid extrapolation outside the observed data. The model was constituted by two health states (''Alive'' and ''Dead'') with possible annual transitions from ''Alive'' to ''Dead''. Cycles of 1 year until cohort participants had reached age 56 years or died were utilized. In each cycle, individuals of the cohort were subjected to time-dependent risks of death, based on obesity and smoking status at age 19 years, and age at cycle (i.e. 19-56 years, with increasing risk of death with older age). Simulations were run for 10,000 iterations, and empirical 95% confidence intervals were retrieved from the sorted simulation results as the 250th and 9,750th values.
Input data
The model input data consisted of prevalence of smoking and obesity, as well as obesity-, smoking-, and age-specific annual risk of death. The data were retrieved from the nationwide Swedish Military Service Conscription Register, which has been presented in greater detail elsewhere [15] . Briefly, military conscription was mandatory for all Swedish men during the study period, and is normally completed during the last year of high-school (age 18-19 years). At conscription the young men go through a 2-day test including medical examinations.
Based on the unique personal identification number assigned to each Swedish citizen, a dataset was created by register linkage between the Military Service Conscription Register, Register of the Total Population, and Population and Housing Censuses. In order to be included in the current study, subjects were required to have performed their military conscription tests between 16 and 20 years of age, and to have data recorded on measured weight and height as well as self-reported smoking habits at conscription (i.e. complete case analysis was used). The age restriction was used to keep the sample homogenous by age.
Risk equation input data
The risk equations employed in the model were derived from the cohort performing military conscription tests in [1969] [1970] . A proportional hazards regression model using the parametric Weibull distribution [16] was used to model absolute annual risks of premature death for each one-year cycle in the simulation model. Participants were censored at emigration, death or end of follow-up, whichever came first. Except for the predictors smoking and obesity status, the models were adjusted for household socio-economic index (white collar, blue collar, self-employed, other). The information on socio-economic index was extracted from the Population and Housing Census 1970 and thus represents household socio-economic index during childhood. Data on alcohol consumption and highest attained education were also available, but due to high degree of collinearity with socio-economic position these variables were not used simultaneously. The estimates for BMI-and smoking categories were unaffected when these covariates were also used in the regression model.
Body mass index (BMI) was used as proxy for fatness. It was defined as weight in light clothing (kg) divided by height (m) squared, without shoes, and categorized into the World Health Organization-defined BMI categories underweight (\18.5), normal weight (18.5-24.9), overweight (25-29.9 ) and obesity (C30) [17] . To minimize errors of misclassifications, exclusion limits were applied for height (B150 or C210 cm), weight (B40 or C150 kg) and BMI (B15 or C60 kg/m 2 ). Smoking status was categorized into three levels (non-smoker/1-10/[10 daily cigarettes) using a questionnaire.
Risk factor prevalence input data
Prevalence of obesity and smoking were retrieved from the 1969-1970 (n = 45,920) and 2004-2005 (n = 56,411) conscription cohorts. To predict distribution over obesity status categories for future cohorts, data from each individual year from 1969 to 2005 (n = 1.6 million) were used. The predictions were performed with logistic regression using year of military conscription testing as predictor. The future prevalence was then calculated according to the following formula:
where a is the intercept on the log odds scale and b is the log odds ratio for the obesity status category, as has been done previously [2] . 
Results
Of 50,398 men in the cohort performing military conscription in [1969] [1970] 45 ,920 met the inclusion criteria [7] . The participant characteristics are shown in Table 1 . During 1.7 million person-years of observation (median 37.7 years) 2,897 individuals died. Overweight and obesity compared to normal weight, and smoking compared to non-smoking, were significantly associated with increased risk of premature death, while underweight was not ( Table 2 ). The relative risks estimated by use of the parametric survival models employed in the simulation were almost identical to the estimates from the semi-parametric Cox models used in a previous study on the same cohort (data not shown) [7] . The data followed a Weibull distribution and no violations of the proportional hazards assumption were detected when investigated graphically.
During the period from 1969-1970 to 2004-2005, overweight almost tripled and obesity increased sevenfold among young Swedish men, while smoking more than halved from 59 to 23% (Table 2) .
Model fit
Using the smoking and obesity prevalence in 1969-1970 as inputs for the risk equations, the simulation model was found to fit well to the observed data, producing only small discrepancies in number of deaths during a time horizon of 37 years and a cohort size of 45,920 individuals, as in the dataset (Appendix, Table A1 ). The model underestimated 
Future mortality
For the hypothetical case of an unabated obesity trend, the resulting number of deaths from age 19 to 56 years for future cohorts is shown in Fig. 2 . The calculations were based on the assumption of unaltered smoking prevalence (Fig. 2) .
Discussion
By employing a simulation model, we estimated the effects of changes in obesity and smoking prevalence on premature death during the main part of productive age in Swedish men. Male cohorts today were predicted to enjoy reductions in premature mortality from age 19 to 56 years compared to male cohorts born 35 years earlier, independent of health care improvements. Despite substantial increases in adolescent overweight and obesity the past 35 years, their effect on future premature death was predicted to be offset by health benefits from concurrent decreases in smoking. However, approximately one-third of the survival gains from reduced smoking was estimated to be counteracted by the increases in overweight and obesity. Based on observed declining mortality, some public health officials in Sweden have argued that either the ''alarms of an obesity bomb'' are grossly exaggerated, or that the detrimental health effects of obesity have been counteracted by a simultaneous improvement of another risk factor [19] . The present study supports the latter. Although obesity was modeled with an increased risk for premature death similar to that of smoking [10 cigarettes/ day, male Swedish cohorts of today were predicted to experience fewer premature deaths compared to a cohort from the early 1970's, despite a trebled and sevenfold increased prevalence of overweight and obesity, respectively. This is explained by the more than halved smoking prevalence during the last decades, and by the fact that the prevalence of obesity was very low to begin with. If the obesity trend does not level off but continues along the same trajectory as between 1969 and 2005, and smoking prevalence remains constant, the survival benefits of the last four decades' successful anti-smoking campaigns were estimated to be offset for young adults in 2030. By then about 30% of the young men were predicted to be overweight, and 20% obese. However, this projection is purely hypothetical and should be interpreted with caution, especially since three recent studies indicate that increases in childhood obesity are levelling off in Sweden [20] [21] [22] . If the prevalence rise of overweight and obesity will be less steep in reality, it will take longer time to attain the projected prevalences and corresponding number of deaths predicted by the model.
A recent study by Stewart et al. [23] investigated the effects of extrapolated increases in obesity and decreases in smoking, as hitherto observed in the US, on life expectancy. They concluded that in the future in the US, the negative effects on health of increasing obesity will outweigh the positive effects of decreasing smoking. Although similar to the secondary analysis of the present study, a comparison is not straightforward since different questions were addressed.
Forecasts generated by simulation models are often afflicted by a high degree of uncertainty, partly due to unknown future factors and partly due to the mix of sources providing input data. Having all input data from one single data source covering practically the whole Swedish male population was an advantage of the present study. This study also used data with a long follow-up period and BMI measured early in life, when chronic diseases associated with weight loss are rare, thus minimizing the effect of reverse causation impacting the risk equations [24] . Unfortunately, the data provided information on obesity and smoking status only at the beginning of the follow-up period, with no repeated measurements. Obesity in childhood has been found to be associated with obesity in adulthood [25, 26] , but smoking continuation, cessation or initiation could be harder to predict from smoking habits in late adolescence. It is, however, likely that smoking cessation during follow-up was more common in this cohort than smoking initiation, resulting in some decline in smoking prevalence over time [27] . If this is the case, the association between smoking and mortality would be somewhat underestimated. Also, this study analyzed premature mortality, defined as deaths before age 56 years. A large proportion of deaths occur after this age, and if the relation between the risk factors smoking and obesity in terms of mortality risk changes with age, this could have an impact on the results of this study. Smoking is likely to incur increased mortality risk also in higher ages, but there are indications that this is not always the case for overweight [28] . It is therefore possible that the truncation of the analysis at age 56 years could imply an overestimation of the obesity related deaths in relation to smoking related deaths.
Another limitation of the present study was the assumption that each predictor's associated risk for death has remained unaltered over time. A heavily smoking, obese individual at conscription today was assumed to be subjected to the same risk of death as in the early 1970's. This assumption is not totally valid as risks have changed over time, e.g. due to more effective treatments, which would lead to an overestimated number of deaths for present cohorts. It is also possible that risks have changed as the excess weight of obese individuals today may be attributable to obesogenic environmental influences to a greater extent. However, it is not clear how it would affect the obesity related mortality risk whether an individual's obesity has its origin primarily in genetic or environmental factors. On the other hand, the mortality in the later cohorts could be underestimated if the observed decrease in prevalence of smoking is in fact due to a shift towards usage of moist snuff (snus) rather than becoming tobacco-free [29] , although it has been suggested that health gains can still be realized by current smokers switching to snus [30] . It is also probable that current cohorts quit smoking at a lower rate than older cohorts, while gaining weight at a higher rate. Lacking longitudinal data on these parameters, we assumed these rates to be unchanged over time.
In conclusion, despite large increases in overweight and obesity during the last four decades, a decline in premature deaths among Swedish males is expected due to health gains from reduced smoking. However, approximately a third of the survival gains from reduced smoking were estimated to be counteracted by increases in overweight and obesity.
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Appendix
See Table 3 . Table 3 Mean number of deaths according to the simulation model during 37 years of follow-up in a hypothetical cohort of 45,920 participants compared to observed data (n = 45,920, median follow-up = 37. 
